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AMENDMENTS TO THE CLAIMS 

Please amend the claims as set forth hereinbelow. 

1 . (withdrawn) A volume hologram comprising a plurality of diffractive elements 
exhibiting a positional variation in at least one of amplitude, optical separation, and 
spatial phase over some portion of the thickness of the volume, the diffractive 
elements interacting with an input optical signal having a first spatial wavefront and 
a first optical spectrum to produce an output optical signal having a second spatial 
wavefront and a second optical spectrum, wherein the first spatial wavefront differs 
from the second spatial wavefront, and wherein the first optical spectrum differs 
from the second optical spectrum. 

2. (withdrawn) The volume hologram of claim 1 wherein the first spatial wavefront 
originates from an input optical waveguide. 

3. (withdrawn) The volume hologram of claim 1 wherein the second spatial 
wavefront converges to an output optical waveguide. 

4. (withdrawn) The volume hologram of claim 1 further comprising a bulk 
substrate. 

5. (withdrawn) The volume hologram of claim 1 where the hologram resides 
within a planar waveguide. 

6. (withdrawn) The volume hologram of claim 1 , where each of the diffractive 
elements has a spherical contour and a center of curvature. 

7. (withdrawn) The volume hologram of claim 6, wherein the centers of curvature 
of a plurality of the diffractive elements are coincident. 

8. (withdrawn) The volume hologram of claim 7, wherein the input optical signal 
originates from an input waveguide and the output optical signal converges to an 
output waveguide, the respective input and output waveguides located at 
respective conjugate image points of the plurality of the diffractive elements whose 
centers of curvature are coincident. 
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9. (withdrawn) The volume hologram of claim 1 wherein the propagation direction 
of the input optical signal is not collinear to the propagation direction of the output 
optical signal. 

10. (withdrawn) The volume hologram of claim 1 wherein the input optical signal is 
an optical pulse. 

1 1 . (withdrawn) The volume hologram of claim 1 , further comprising a 
programmed spectral transfer function comprising a conjugate Fourier transform 
E* (co) of a design temporal waveform Ej(t). 

1 2. (currently amended) An optical apparatus comprising: 

a volume hologram including a plurality of diffractive elements exhibiting a 
positional variation in at least one of amplitude, optical separation, and 
spatial phase over some portion of the volume of the hologram, the volume 
. hologram interacting with an input optical signal having a first spatial 
wavefront and a first temporal waveform to produce an output optical signal 
having a second spatial wavefront and a second temporal waveform, wherein 
the first and second spatial wavefronts differ in at least one of spatial 
wavefront shape and output direction, and the first temporal waveform differs 
from the second temporal wav e form, waveform. 

wherein each portion of the first spatial wavefront contributes to the output optical 
signal by scattering from the diffractive elements during propagation through 
the volume hologram over a distance large enough so that temporal 
retardation effects within the volume hologram transform the first temporal 
waveform into the second temporal waveform. 

13. (previously presented) The apparatus of claim 12 wherein the input optical 
signal comprises an optical pulse. 

14. (previously presented) The apparatus of claim 12 wherein the first spatial 
wavefront originates from an input optical waveguide. 

15. (original) The apparatus of claim 12 wherein the second spatial wayefront 
converges to an output optical waveguide. 
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16. (pr viously pr sented) The apparatus of claim 12, wherein the volume 
hologram is an optical waveform cross-correlator. 

17. (cancelled) 

1 8. (previously presented) The apparatus of claim 12, where each of the 
diffractive elements has a spherical contour and a center of curvature. 

1 9. (previously presented) The apparatus of claim 1 8, wherein the centers of 
curvature of a plurality of the diffractive elements are coincident. 

20. (previously presented) The apparatus of claim 19, wherein the input optical 
signal originates from an input waveguide, and wherein the output optical signal 
converges to an output waveguide, with the respective input and output 
waveguides located at respective conjugate image points of the plurality of the 
diffractive elements whose centers of curvature are coincident. 

21 . (previously presented) The apparatus of claim 12 wherein the first spatial 
wavefront originates from an input optical waveguide and the second spatial 
wavefront converges to an output optical waveguide, and the input waveguide is 
separated from the output waveguide by a distance equal to or less than about 
5000 microns. 

22. (previously presented) The apparatus of claim 12 wherein the first spatial 
wavefront originates from an input optical waveguide and the second spatial 
wavefront converges to an output optical waveguide, and the input waveguide is 
separated from the output waveguide by a distance between about 5000 microns 
and about 25 microns. 

23. (previously presented) The apparatus of claim 12 wherein the propagation 
direction of the input optical signal is not collinear to the propagation direction of 
the output optical signal. 

24. (previously presented) The apparatus of claim 12 wherein all diffractive 
elements have an elliptical contour, with each diffractive element having a first 
focus and a second focus, and wherein a plurality of the respective first foci of the 
diffractive elements coincide, and a plurality of the respective second foci of the 
diffractive elements coincide. 
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25. (previously pr sented) The apparatus of claim 24, wherein the input optical 
signal originates from an input waveguide and the output optical signal converges 
to an output waveguide, and where the respective input and output waveguides 
are located at the respective foci of the diffractive elements whose respective first 
foci coincide, and whose respective second foci coincide. 

26. (withdrawn) An apparatus comprising 

an input port operative to launch an input optical signal having an input spatial 
wavefront and an input optical spectrum; 

a volume hologram comprising a plurality of diffractive elements exhibiting a 
positional variation in at least one of amplitude, optical separation, and 
spatial phase over some portion of the thickness of the volume, the volume 
hologram interacting with an input optical signal having an input spatial 
wavefront and an input optical spectrum, to produce a plurality of output 
optical signals each with a respective output spatial wavefront and a 
respective output optical spectrum, at least one output optical signal whose 
output optical spectrum is distinguishable from the other output optical 
spectra and which has a direction of propagation that differs from the 
respective directions of propagation of all of the other output optical signals; 
and 

a plurality of output ports, configured to accept and transmit the plurality of output 
optical signals. 

27. (withdrawn) The apparatus of claim 26 wherein the input optical signal 
comprises a plurality of wavelength-differentiated communication channels, and 
wherein at least one output optical signal comprises fewer than all of the plurality 
of wavelength-differentiated communication channels that comprise the input 
optical signal, the at least one output optical signal having a direction of 
propagation differing from the respective directions of propagation of the other 
output optical signals. 

28. (withdrawn) The apparatus of claim 26, wherein each output optical signal 
comprises a single wavelength-differentiated communications channel, and 
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wherein each output optical signal is focused to a location that differs from the 
respective locations of focus of each of the other respective output optical signals. 

29. (withdrawn) The apparatus of claim 27, wherein at least one output optical 
signal comprises more than one wavelength-differentiated communications 
channel. 

30. (withdrawn) An apparatus comprising 

a plurality of input ports, each operative to launch at least one of a plurality of input 
optical signals, each input optical signal having a spatial wavefront and an 
optical spectrum; 

a volume hologram comprising a plurality of diffractive elements exhibiting a 
positional variation in at least one of amplitude, optical separation, and 
spatial phase over some portion of the thickness of the volume, the volume 
hologram interacting with the plurality of input optical signals having 
respective input spatial wavefronts and respective input optical spectra, to 
produce an output optical signal having an output spatial wavefront and an 
output optical spectrum; and 

an output port configured to accept and transmit the output optical signal. 

31 . (withdrawn) The apparatus of claim 30 wherein the plurality of input optical 
signals comprises a plurality of wavelength-differentiated communications 
channels. 

32. (withdrawn) The apparatus of claim 30 wherein each optical input signal 
comprises a single wavelength-differentiated communications channel. 

33. (withdrawn) The apparatus of claim 30 wherein at least one input optical signal 
comprises a plurality of wavelength-differentiated communications channels. 

34. (currently amended) An apparatus comprising 

an input port operative to launch an input optical signal having an input spatial 
wavefront and an input temporal waveform; 

a volume hologram comprising a plurality of diffractive elements exhibiting a 
positional variation in at least one of amplitude, spatial separation, and 
spatial phase over some portion of the volume of the hologram, the volume 
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hologram interacting with the input optical signal to produce a plurality of 
output optical signals, each output optical signal having a respective output 
spatial wavefront that differs from the respective output spatial wavefront of 
at least one of the other output optical signals, each output optical signal 
having a respective output temporal waveform, wherein at least two of the 
output optical signals have respective output temporal waveforms that differ 
from one another; and 

a plurality of output ports configured to accept and transmit at least two of the 
plurality of output optical s i gna l s, signals. 

wherein each portion of the first spatial wavefront contributes to each of the output 
optical signals bv scattering from the diffractive elements during propagation 
through the volume hologram over a distance large enough so that temporal 
retardation effects within the volume hologram transform the first temporal 
waveform into the respective output temporal waveforms. 

35. (original) The apparatus of claim 34 wherein the input optical signal is an optical 
pulse. 

36. (withdrawn) A method comprising: 

receiving from at least one input, an input optical signal having a first spatial 

wavefront and a first optical spectrum and a first direction of propagation in a 
volume hologram comprising a plurality of diffractive elements; 

diffracting an input optical signal via the diffractive elements, producing a diffracted 
optical signal having an optical spectrum that differs from the input optical 
spectrum, the diffracted optical signal having second direction of 
propagation; and 

transmitting the diffracted optical signal, the diffracted optical signal comprising a 
second spatial wavefront, wherein the first and second spatial wavefronts are 
not identical in shape. 

37. (withdrawn) The method of claim 36, wherein the volume hologram further 
comprises spatial transformation information. 
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38. (withdrawn) The method of claim 36 wherein the propagation direction of the 
input optical signal is not collinear to the propagation direction of the diffracted 
optical signal. 

39. (withdrawn) The method of claim 36 wherein the input optical signal is an 
optical pulse. 

40. (withdrawn) The method of claim 37 wherein the processed optical signal is 
spatially transformed. 

41 . (withdrawn) The method of claim 36 where the volume hologram further 
comprises temporal transformation information. 

42. (withdrawn) The method of claim 41 wherein the diffracted optical signal is 
temporally transformed. 

43. (withdrawn) The method of claim 37 where the volume hologram further 
comprises temporal transformation information. 

44. (withdrawn) The method of claim 43 wherein the diffracted optical signal is 
spatially and temporally transformed. 

45. (currently amended) A method comprising: 

receiving an input optical signal comprising a first temporal waveform, into an input 
coupled to a volume hologram comprising a transfer function that comprises 
temporal information, the volume hologram coupled to an output; 

diffracting the optical signal via diffractive elements within the volume hologram, 
producing a diffracted optical signal comprising a second temporal waveform 
that differs from the first temporal waveform; and 

directing the diffracted optical signal to the output, output. 

wherein each portion of a spatial wavefront of the input optical signal contributes to 
the diffracted optical signal bv scattering from the diffractive elements during 
propagation through the volume hologram over a distance laroe enough so 
that temporal retardation effects within the volume hologram transform the 
first temporal waveform into the second temporal waveform. 

46. (original) The method of claim 45, wherein the volume hologram further 
comprises spatial transformation information. 
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47. (original) The method of claim 46 wherein the diffracted optical signal is 
spatially transformed. 

48. (original) The method of claim 45 wherein the input optical signal has a first 
direction of propagation and the diffracted optical signal has a second direction of 
propagation, and where the first direction of propagation is not collinear to the 
second direction of propagation. 

49. (original) The method of claim 45 wherein the input optical signal is an optical 
pulse. 

50. (original) The method of claim 45 wherein the volume hologram further 
comprises spectral transformation information. 

51 . (original) The method of claim 50 wherein the diffracted optical signal is 
spectrally transformed. 

52. (original) The method of claim 50, wherein the volume hologram further 
comprises spatial transformation information. 

53. (original) The method of claim 52 wherein the diffracted optical signal is 
spectrally and spatially transformed. 

54. (original) The method of claim 45, wherein the volume hologram is an optical 
waveform cross-correlator. 

55-86. (cancelled) 

87. (withdrawn) An apparatus comprising: 
at least one input port; 
at least one output port; 

a planar waveguide comprising a planar boundary and a volume; and 

a feedback structure comprising a plurality of diffractive elements exhibiting a 

positional variation in at least one of amplitude, spatial separation and spatial 
phase, the feedback structure further comprising a transfer function 
comprising temporal transformation information imprinted in a medium 
comprising the planar waveguide. 
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88. (withdrawn) The apparatus of claim 87 wherein the medium comprises a 
material chosen from the group consisting of fused silica, polymer, silicon, and 
combinations thereof. 

89. (withdrawn) The apparatus of claim 87 wherein the at least one input port is a 
prism coupling. 

90. (withdrawn) The apparatus of claim 87 wherein the at least one output port is a 
prism coupling. 

91 . (withdrawn) The apparatus of claim 87 where the transfer function further 
comprises spatial transformation information. 

92. (withdrawn) The apparatus of claim 87, where the transfer function comprises 
a conjugate Fourier transform E* (co) of a designed temporal waveform Ei(t). 

93. (withdrawn) The apparatus of claim 87, wherein the volume hologram is 
thermally stabilized. 

94. (withdrawn) The apparatus of claim 93 wherein thermal stabilization is 
accomplished by a feedback signal. 

95. (withdrawn) The apparatus of claim 94 where the feedback signal is provided 
by a reference grating. 

96. (withdrawn) The apparatus of claim 87 further comprising the medium having 

a refractive index, wherein the diffractive elements comprise variations in refractive 
index of the medium. 

97. (withdrawn) The apparatus of claim 87, wherein the diffractive elements 
comprise profile variations in the planar boundary of the planar waveguide. 

98. (withdrawn) The apparatus of claim 87 wherein the diffractive elements 
comprise thickness variations in a layer of dielectric material overlaying a planar 
surface of the planar waveguide. 

99. (withdrawn) The apparatus of claim 87 wherein the planar waveguide 
comprises a bulk substrate. 
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100. (withdrawn) The apparatus of claim 87, where each of the diffractive elements 
has a spherical contour and a center of curvature. 

1 01 . (withdrawn) The apparatus of claim 1 00, wherein a plurality of the centers of 
curvature of the diffractive elements are coincident. 

102. (withdrawn) The apparatus of claim 101 , wherein there is one input port and 
one output port, and where the input port and output port are located at respective 
conjugate image points of the plurality of the diffractive elements whose centers of 
curvature are coincident. 

103. (withdrawn) The apparatus of claim 87 where the transfer function further 
comprises spectral transformation information. 

104. (withdrawn) A volume hologram comprising a plurality of diffractive elements 
operative to accept an input optical signal incident from an input port, the input 
optical signal having a first spatial wavefront and a first optical spectrum, the 
volume hologram generating an output optical signal having a second spatial 
wavefront and a second optical spectrum, the output signal directed toward an 
output port, wherein the diffractive elements are configured to map the first spatial 
wavefront into the second spatial wavefront, and the diffractive elements are 
configured to map the first optical spectrum into the second optical spectrum. 

105. (withdrawn) The volume hologram of claim 104 wherein the diffractive 
elements are distributed in the thickness dimension. 

106. (previously presented) The apparatus of Claim 12, wherein each portion of 
the second temporal waveform includes contributions from a plurality of portions of 
the first spatial wavefront. 

107. (previously presented) The apparatus of Claim 12, wherein each portion of 
the second spatial wavefront contributes to a plurality of portions of the second 
temporal waveform. 

108. (previously presented) The apparatus of Claim 12, the volume hologram 
residing within a planar optical waveguide, the input optical signal interacting with 
the volume hologram while propagating within the planar waveguide, propagation 
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of the input optical signal within the planar waveguide being substantially guided in 
at least one dimension by the planar waveguide. 

109. (previously presented) The apparatus of Claim 108, the first spatial wavefront 
originating from an input optical waveguide, the input optical waveguide being a 
channel waveguide positioned so as to launch the input optical signal into an edge 
of the planar waveguide. 

110. (previously presented) The apparatus of Claim 108, the second spatial 
wavefront converging to an output optical waveguide, the output optical waveguide 
being a channel waveguide positioned so as to receive the output optical signal 
from an edge of the planar waveguide. 

111. (previously presented) The apparatus of Claim 34, wherein each portion of 
each of the output temporal waveforms includes contributions from a plurality of 
portions of the first spatial wavefront. 

112. (previously presented) The apparatus of Claim 34, wherein each portion of 
each of the output spatial wavefronts contributes to a plurality of portions of the 
respective output temporal waveform. 

1 1 3. (previously presented) The apparatus of Claim 34, the volume hologram 
residing within a planar optical waveguide, the input optical signal interacting with 
the volume hologram while propagating within the planar waveguide, each of the 
input port and the plurality of output ports being positioned at an edge of the planar 
waveguide, propagation of the input optical signal within the planar waveguide 
being substantially guided in at least one dimension by the planar waveguide. 

114. (previously presented) The apparatus of Claim 113, the first spatial wavefront 
originating from an input optical waveguide, the input optical waveguide being a 
channel waveguide positioned so as to launch the input optical signal into the 
planar waveguide through the input port. 

1 1 5. (previously presented) The apparatus of Claim 1 1 3, the spatial wavefront of 
at least one of the output signals converging to a respective output optical 
waveguide, the output optical waveguide being a channel waveguide positioned so 
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as to receive the output optical signal from an edge of the planar waveguide 
through the respective output port. 

116. (previously presented) The method of Claim 45, wherein each portion of the 
second temporal waveform includes contributions from a plurality of portions of a 
spatial wavefront of the input optical signal. 

117. (previously presented) The method of Claim 45, wherein each portion of a 
spatial wavefront of the diffracted optical signal contributes to a plurality of portions 
of the second temporal waveform. 

118. (previously presented) The method of Claim 45, the volume hologram 
residing within a planar optical waveguide, the input optical signal interacting with 
the volume hologram while propagating within the planar waveguide, the input and 
the output being positioned at an edge of the planar waveguide, propagation of the 
input optical signal within the planar waveguide being substantially guided in at 
least one dimension by the planar waveguide. 

119. (previously presented) The method of Claim 118, the input optical signal 
being received from an input optical waveguide, the input optical waveguide being 
a channel waveguide positioned so as to launch the input optical signal into the 
planar waveguide through the input. 

120. (previously presented) The method of Claim 118, the diffracted optical signal 
being diffracted to an output optical waveguide, the output optical waveguide being 
a channel waveguide positioned so as to receive the diffracted optical signal from 
an edge of the planar waveguide through the output. 

121 . (currently amended) An optical apparatus, comprising: 

a volume hologram including a plurality of diffractive elements exhibiting a 
positional variation in at least one of amplitude, optical separation, and 
spatial phase over some portion of the volume of the hologram, the volume 
hologram residing within a planar optical waveguide, the volume hologram 
interacting with an input optical signal having a first spatial wavefront and a 
first temporal waveform to produce an output optical signal having a second 
spatial wavefront and a second temporal waveform, the input optical signal 
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interacting with the volume hologram while propagating within the planar 
waveguide, propagation of the input optical signal within the planar 
waveguide being substantially guided in at least one dimension by the planar 
waveguide, the first and second spatial wavefronts differing in at least one of 
spatial wavefront shape and output direction, the first temporal waveform 
differing from the second temporal waveform, waveform, 
wherein each portion of the first spatial wavefront contributes to the output optical 
signal by scattering from the diffractive elements during propagation through 
the volume hologram over a distance large enough so that temporal 
retardation effects within the volume hologram transform the first temporal 
waveform into the second temporal waveform. 

122. (previously presented) The apparatus of Claim 121 , wherein each portion of 
the second temporal waveform includes contributions from a plurality of portions of 
the first spatial wavefront. 

123. (previously presented) The apparatus of Claim 121 , wherein each portion of 
the second spatial wavefront contributes to a plurality of portions of the second 
temporal waveform. 

124. (previously presented) The apparatus of claim 121 wherein the input optical 
signal comprises an optical pulse. 

125. (previously presented) The apparatus of claim 121 , the first spatial wavefront 
originating from an input optical waveguide, the input optical waveguide being a 
channel waveguide positioned so as to launch the input optical signal into an edge 
of the planar waveguide. 

126. (previously presented) The apparatus of claim 121, the second spatial 
wavefront converging to an output optical waveguide, the output optical waveguide 
being a channel waveguide positioned so as to receive the output optical signal 
from an edge of the planar waveguide. 

127. (previ usly presented) The apparatus of claim 121, wherein the volume 
hologram is an optical waveform cross-correlator. 



Submitted 09/16/2003 



Page 16 of 35 



App. No. 09/811,081 



Amendment under 37 CFR §1.111 



128. (previously presented) The apparatus of claim 121 , where each of the 
diffractive elements has a substantially circular contour and a center of curvature. 

129. (previously presented) The apparatus of claim 128, wherein the centers of 
curvature of a plurality of the diffractive elements are substantially coincident. 

130. (previously presented) The apparatus of claim 129, wherein the input optical 
signal originates from an input waveguide, and wherein the output optical signal 
converges to an output waveguide, with the respective input and output 
waveguides located at respective conjugate image points of the plurality of the 
diffractive elements whose centers of curvature are substantially coincident. 

131 . (previously presented) The apparatus of claim 121 wherein the propagation 
direction of the input optical signal is not collinear to the propagation direction of 
the output optical signal. 

132. (previously presented) The apparatus of claim 121 wherein each of the 
diffractive elements has an elliptical contour, with each contour having a 
respective first focus and a respective second focus, and wherein a plurality of the 
respective first foci substantially coincide, and a plurality of the respective second 
foci substantially coincide. 

133. (previously presented) The apparatus of claim 132, wherein the input optical 
signal originates from an input waveguide and the output optical signal converges 
to an output waveguide, and wherein the respective input and output waveguides 
are located at the respective foci of the diffractive elements whose respective first 
foci coincide, and whose respective second foci substantially coincide. 

134. (currently amended) An optical apparatus, comprising: 

at least one of a volume hologram and a feedback structure, including a plurality of 
diffractive elements exhibiting a positional variation in at least one of 
amplitude, optical separation, and spatial phase over some portion of the 
volume of the apparatus, the diffractive elements interacting with an input 
optical signal having a first spatial wavefront and at least one of a first 
temporal waveform and a first optical spectrum to produce an output optical 
signal having a second spatial wavefront and at least one of a second 
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temporal waveform and a second optical spectrum, the first and second 
spatial wavefronts differing in at least one of spatial wavefront shape and 
output direction, the first and second optical signals differing in at least one of 
temporal waveform and optical spectrum. 
wherein each portion of the first spatial wavefront contributes to the output optical 
signal by scattering from the diffractive elements during propagation through 
the apparatus over a distance large enough so that temporal retardation 
effects within a volume of the apparatus occupied by the diffractive elements 
transform the input optical signal into the output optical signal. 

135. (previously presented) The apparatus of Claim 134, wherein each portion at 
least one of the second temporal waveform and second optical spectrum includes 
contributions from a plurality of portions of the first spatial wavefront. 

136. (previously presented) The apparatus of Claim 134, wherein each portion of 
the second spatial wavefront contributes to a plurality of portions of at least one of 
the second temporal waveform and the second optical spectrum. 
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